The crystal structures of several new compounds have been determined using X-ray analysis. The intermetallic compound HoZn 5 Al 3 (a = 8.586(3), c = 16.538(5)Å, R F = 0.0413, R W = 0.0521) has its own structure type (space group I4/mmm), which has been found for the first time. 
Introduction
The interaction of components in the RE-Zn-Al systems (RE-rare earth metal) has not been studied sufficiently. It is known that compounds with the BaAl 4 [1 -3] , KHg 2 [4] , CaIn 2 [4] , CsCl [4] , and La 3 Al 11 [5] type structures form in these systems. During our investigations we discovered a number of new ternary compounds with BaAl 4 [6] , La 3 Al 11 [6] and BaHg 11 [7] type structures. Taking into consideration that many compounds with complicated composition form in RE-T-Al systems (T -transition metal) [8 -13] , we carried out a systematic investigation of the RE-Zn-Al systems, of which the present work is the result.
Experimental Section
We used metal powders of the following purity (wt. %): Al -99.99, Zn -99.95, RE (Y, Dy, Ho, Er, Tm, Yb, Lu) -99.5. The powders were mixed, pressed into pellets and sealed in evacuated quartz ampoules. Then they were slowly heated up to 800 K during 50 h. After cooling the ampoules were broken, the samples were ground into finedispersed powders and once again pressed into pellets. After that they were annealed in evacuated quartz ampoules 0932-0776 / 06 / 0700-0779 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com nique with nonfiltered Cr-K radiation in cameras of 57.3 mm in diameter. The lattice and crystal structure parameters were refined by full-matrix least squares using powder diffraction patterns recorded on a DRON-3M diffractometer (Cu-K α radiation) using the θ −2θ scan technique with steps of 0.02 2θ (2θ max = 120 • ) and an exposition time of 40 s at every point with Cu-K α radiation, using Ni as β -filter. The preliminary single crystal investigations were carried out using the Laue method and a rotation analysis (cameras RKV- 86, Mo-K, Cu-K radiation). Experimental intensities were obtained on a four-circle single crystal DARCH-1 diffractometer (Mo-K α radiation). All calculations were performed using the CSD software [14] .
Results
We took a single crystal with irregular shape from the sample with the composition Ho 11 Zn 40 Al 41 . The conditions of the investigation are shown in Table 1 . The structure model has been determined by direct methods (MULTAN software) with a final examination of the electron density distribution map by Fourier synthesis. The refinement of the atomic coordinates and their anisotropic displacement parameters was carried out using full-matrix least squares with absorption and extinction correction. Residual electron density calculations revealed no significant additional maxima. The atomic coordinates, atomic distribution and displacement parameters are shown in Tables 2  and 3 , and the interatomic distances are shown in Table 6 .
The xz projection of the crystal structure of HoZn 5 Al 3 and the coordination polyhedra of all atoms are shown in Fig. 1 . This structure is characterized by a partly ordered distribution of the Zn and Al atoms. The positions with the Zn atoms have a smaller coordination number (CN) (10 -12) and the positions with a lager CN (12, 13) cube, formed by the T5 atoms, is the characteristic feature of the HoZn 5 Al 3 structure (Fig. 1, i) .
With the purpose of discovering isostructural compounds we have synthesized samples with the RE 11 Zn 35−45 Al 54−44 composition (RE = Y, Dy-Tm, Lu). X-ray diffraction analysis of these samples showed the formation of the ternary compounds. Their diffraction patterns were indexed with a tetragonal unit cell with lattice parameters shown in Table 4 . The structures of all RE(Zn,Al) 8 compounds have been refined with the model of the HoZn 5 Al 3 structure using X-ray powder diffraction analysis ( one can see from Table 4 , the Zn content in the compounds grows up in the Dy(Zn,Al) 8 -Lu(Zn,Al) 8 line. This could indicate some homogeneity ranges for these compounds, but to determine their exact extent additional investigations are required. The diffraction pattern of Yb(Zn,Al) 8 was also well indexed with a tetragonal unit cell with slightly bigger lattice parameters (Table 4) , but the intensity refinement did not yield satisfactory results (R I ≈ 0.15). On the difference Fourier synthesis an additional electron density maximum, which coincides with the center of the vacant hexahedron, typical for the HoZn 5 Al 3 structure, was observed. This allowed us to suppose that the deformed hexahedron in the Yb(Zn,Al) 8 Table 5 . Interatomic distances of all investigated structures are shown in Table 6 . They are in good agreement with the sum of the atomic radii of the elements.
Discussion
The new HoZn 5 hexahedron only in the 0z direction, and in the 0x direction they are connected by the T6 atom, placed in the 2b position (Fig. 2a) . In the HoZn 5 Al 3 structure the connection of the RE atoms in both directions is by means of the empty deformed hexahedron (Fig. 2b) .
The CP of the RE atoms are similar to those of the larger atoms in the structures of other intermetallic compounds. Specifically, the Ho1 coordination polyhedron is similar to that of Th in the ThMn 12 type structure and to the CP of the Ba atom in the BaHg 11 type structure. The common feature of the HoZn 5 Al 3 and BaHg 11 structure types is also the existence of vacant hexahedra in both structures. A centered hexahedron is the CP of the Ru2 atom in the Y 3 Ru 4 Al 12 [16] structure. The coordination polyhedra of the T 1 and T 4 atoms are distorted icosahedra (Figs 1d and g ). Thus, the HoZn 5 Al 3 type structure is similar to a large group of structures of intermetallic compounds with icosahedra as the main CP of the smaller atoms: the CaCu 5 and the Th 2 Ni 17 -structure types, the Laves phases, etc. [17] .
With the purpose of determining the reasons for the filling of the deformed hexahedra in the Yb 4 Zn 20.3 Al 12.7 structure we calculated the volumes of vacant and filled hexahedra in all investigated structures taking into consideration the values of the lattice parameters and the refined atomic coordinates. As one can see from Fig. 3b , the hexahedron volume in the Yb 4 Zn 20.3 Al 12.7 structure is much larger than the volume of the same hexahedra in other structures. If one admits that this hexahedron is filled by the Zn and Al atoms in the ratio of 1 : 1 and takes the averaged values of the atomic radii of Zn and Al (r Zn = 1.332Å, r Al = 1.431Å [18] ), then a T atom with the averaged radius 1.382Å could sufficiently easily fill up the hexahedron in the Yb 4 Zn 20.3 Al 12.7 structure. But for the vacant hexahedra in the RE(Zn,Al) 8 structures it would be too big. Thus one can believe that the reason why the inclusion structure to the HoZn 5 Al 3 structure type exists is the sterie factor.
The analysis of interatomic distances shows that in all investigated structures no significant reduction of the RE-T and T -T distances in relation to the radii of the respective atoms is observed. These reductions are not larger then 5 -7%, which is usual in the structures of intermetallic compounds.
In order to receive information about the valence state of the RE atoms in the new compounds the average atomic volume V av = a 2 c N , (N -number of atoms per unit cell) was calculated. As one can see from Fig. 3a, a slight 
